The introduction by Lown, Amarasingham, and Neuman (1962) of a safe, simple, and effective method of converting atrial fibrillation to sinus rhythm has increased the interest in the effects of this arrhythmia on the circulation. Previous reports indicate scant agreement regarding the effects of atrial fibrillation on the cardiac output. Studies on groups of patients with and without atrial fibrillation have been associated with the difficulty of obtaining strictly comparable groups. Cardiac output studied on the same patients before and after drug conversions to sinus rhythm have been complicated by the effect on output of the drugs employed.
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The present study was undertaken to determine the changes, if any, on cardiac output when atrial fibrillation was removed by direct current conversion.
SUBJECTS AND METHODS
Studies were carried out on 30 patients who had had atrial fibrillation for periods varying from 3 weeks to 10 years. Data on these patients are given in Tables I and II . Of the 30, 23 had rheumatic heart disease, 3 had idiopathic atrial fibrillation, 2 ischmmic heart disease, one controlled thyrotoxicosis, and in one atrial fibrillation persisted following pericardectomy for constrictive pericarditis. Of the 23 patients with rheumatic heart disease, 20 had had mitral valvotomy from 3 weeks to several years before conversion. All the patients were on maintenance digitalis. None showed evidence of cardiac failure.
The patients were in hospital for at least 24 hours before output studies were made. Cardiac output was measured in the early morning by the dye dilution technique. (Bruce and Shillingford, 1962) . The procedure was explained to the patient the previous evening. The heart rate was recorded at the time of each output estimation.
An attempt was made to establish sinus rhythm within a few days of the cardiac output estimation. Sinus rhythm was achieved in 20 patients. When sinus rhythm was established digitalis therapy was discontinued. After conversion 8 patients received quinidine sulphate 1 2 g. daily, and 6 received potassium chloride 8 g. daily given in divided doses. The remaining 6 received no drug therapy. Digitalis therapy was continued in the group of 10 patients in whom sinus rhythm was not achieved. Cardiac output was measured again approximately one week after conversion or attempted conversion.
In 6 patients in whom sinus rhythm had been established a third estimation of cardiac output was made 6-10 weeks after conversion. At this time atrial fibrillation had appeared in 3, while in the others sinus rhythm had been maintained. Figure IA shows the results of output studies in 20 patients before and after conversion to sinus rhythm. In 18 patients the output was increased and in 2 it remained unchanged. The average HALMOS AND PATTERSON pre-conversion figure. In Fig. IC the increase in stroke volume has been calculated as a percentage of the resting stroke volume.
RESULTS
Of the 30 patients with atrial fibrillation who were given a direct current shock in an attempt to abolish the arrhythmia, atrial fibrillation persisted in 10. Fig. 2A shows the cardiac output measurements in these patients obtained before and after attempted conversion. In all of them there was little change in cardiac output. Fig. 2B shows the stroke volume and Fig. 2C the change in stroke volume expressed as a percentage of the resting stroke volume. There is little change in stroke volume in this group.
Three patients in whom sinus rhythm had been established but in whom atrial fibrillation had reappeared had a further measurement of cardiac output made (Fig. 3) . The reappearance of atrial fibrillation was accompanied by a fall in cardiac output and stroke volume to near the pre-conversion level. In 3 patients in whom sinus rhythm had been maintained the cardiac output and stroke volume remained near the level obtained one week after conversion to sinus rhythm. The results are shown in Table III .
Of the 20 patients in whom sinus rhythm was achieved, 8 were given quinidine sulphate and 6 potassium chloride as maintenance therapy. The remaining 6 received no drug therapy. Fig. 4 shows the cardiac output and percentage increase in stroke volume occurring in these three groups. C.O., cardiac output; H.R., heart rate; A.F., atrial fibrillation; S.R., sinus rhythm. that the cardiac output was reduced in patients with atrial fibrillation. However, similar clinical disability does not necessarily ynamic disturbance. Patients with atrial fibrillation may be more affected by the disease process than patients in sinus rhythm and thus the difference in cardiac output in the two groups might not be due to the presence or absence of atrial fibrillation alone. Kory and Meneely (1951) and Hecht, Osher, and Samuels (1951) studied 8 and 15 patients respectively, measuring the cardiac output before and after conversion to sinus rhythm by quinidine sulphate. They demonstrated an increase in resting cardiac output in the majority after conversion to sinus rhythm. This increase was more marked when the cardiac output after exercise was studied. Hansen, McClendon, and Kinsman (1952) fibrillation reappeared in 3 patients the cardiac output returned towards pre-conversion levels. In 3 patients studied in whom sinus rhythm persisted the cardiac output remained raised. In the 10 patients in whom the attempted conversion failed the average change in cardiac output was 2-7 per cent. The only difference between the treatment of the patients who converted to sinus rhythm and those who did not was that the latter received digitalis. Table I indicates that the heart rate in the patients with atrial fibrillation who were receiving digitalis therapy was similar to the heart rate after conversion to sinus rhythm. The stroke volume shows a considerable increase after conversion.
The increase in cardiac output was not related to drug therapy given after conversion. We have found that similar increases occur whether patients receive quinidine sulphate, potassium chloride, or no therapy following conversion.
SUMMARY
The resting cardiac output was estimated in 30 patients with atrial fibrillation before and after attempted direct current conversion. An increase in output and stroke volume was noted in the 20 patients in whom sinus rhythm was established. The mean increase in output was 53 per cent. This increase appears to be independent of drugs. No significant change in the cardiac output was noted in 10 patients in whom direct conversion failed. When, after successful conversion, atrial fibrillation recurred cardiac output fell to pre-conversion levels.
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